The sense of taste plays critical roles in nutrient identification and toxin avoidance. The ability to respond to hypoosmotic stimuli in mammalian taste receptor cells may reflect the importance of osmotic sensing by the gustatory system. Transduction for hypoosmotic stimuli involves water influx through aquaporins followed by activation of volume-regulated anion channels. The ability of these transduction elements to be regulated by natriferic hormones at the mRNA and protein level in other transporting epithelia suggest that the gustatory system may respond to extrinsic signals related to the restoration of salt and water balance. Plasticity in the peripheral gustatory system is consistent with the activity in the taste system being reflective of underlying nutritional status. Clearly, more research is needed to determine the link between nutrition, taste and the control of food and water intake.
INTRODUCTION AND BACKGROUND
The initial events in ingestion involve taking in solids and liquids into the oral cavity where they interact with a variety of potential sensors including chemoreceptors, mechanoreceptors and thermal receptors to provide information about the stimulus. Though the flavor of food includes both taste and olfaction, including retronasal olfaction, the selective acceptance or rejection of ingested material is often driven by its taste properties. In simplest terms, the taste system provides two main functions related to ingestive behavior. It must recognize those nutrients needed for survival and reject those toxic compounds which could potentially harm an individual (Herness & Gilbertson 1999) .
Our classification of the four or five major types of taste stimuli is indicative of these dual functions of the taste system. The nutrient recognition function is reflective of our ability to sense carbohydrates (sweet taste), minerals (salty taste) and protein (umami taste) -all essential nutrients in the diet. Recently, there has been proposed a mechanism for the recognition of the essential fatty acids which may contribute to the chemosensory properties of fats in the oral cavity (Gilbertson et al. 1997; Gilbertson & Kim 2002; Mattes 2002; Fukuwatari et al. 2003; Hiraoka et al. 2003) and which may also reflect the ability of the taste system to recognize those compounds the organism must have in order to survive. Conversely, bitter taste reflects our inherent ability to recognize those compounds which are potentially toxic. Plant alkaloids, insect and animal venoms are exquisitely bitter tasting and when ingested drive their rejection from the oral cavity. Coincidentally, the majority of pharmaceutical compounds are perceived as bitter, perhaps owing to their ability to modulate normal physiological processes in the body, an undesirable outcome in an otherwise healthy individual. that there is receptor segregation in taste cells Mueller et al. 2005 ) consistent with a labeled line for taste information (Hellekant et al. 1998) , while recent cellular and imaging studies (Gilbertson et al. 2001; Caicedo et al. 2002) argue for more broadly tuned receptors, suggestive of a population coding strategy in taste. More research will be needed to clarify conflicts between the molecular and physiological data.
Largely overlooked in the majority of basic research on taste is how water (i.e. hypoosmotic stimuli) is recognized by the peripheral gustatory system. Clearly, water would fit the very definition of a required nutrient and the body has elaborate regulatory systems devoted to the maintenance of osmotic balance in the body. Further, it has been known for over 40 years that water is a bona fide taste stimulus -early research demonstrated that water (i.e. lack of solutes) was a powerful stimulus generating activity in a number of afferent nerves, including gustatory afferents, emanating from the oral cavity. Afferent nerve recordings from the cat and rat show water induced activity in chorda tympani and laryngeal nerves (Lindemann 1996) . The cellular mechanism contributing to this response until recently had been unexplored in any significant detail.
Recently, while performing experiments using an intact lingual epithelial preparation (Modified Ussing chamber Gilbertson and Zhang, 1998a; Gilbertson et al. 2001 showing the expression of several aquaporins in taste receptor cells (Kim et al. 1999; Spray et al. 2005) , including the apically expressed AQP5, it seems likely that rapid water influx into taste cells under these conditions is mediated though these water channels. A model for "water" transduction in taste cells is shown in Figure 1 .
These data along with results showing the ability of hyperosmotic stimuli to alter activity in the peripheral taste system (Lyall et al. 1999) are consistent with the ability of the taste receptor cells to act as osmotic sensors. One might speculate that oral osmotic sensors in the taste system may play a critical role in helping direct water (and mineral) intake in order to help the body restore osmotic balance and dovetails well with the nutrient recognition role of the gustatory system. While the kidneys play a key role in retaining water under dehydrated conditions, intake of water is required for restoration of salt and water balance.
In this way, the peripheral osmotic sensing provided by taste receptor cells may be critical for helping promote water intake.
GENERAL ISSUES
Three obvious issues arise when one considers the state of our understanding of the peripheral taste system's role in (Gilbertson et al. 1997) and capsaicin (Park et al. 2003) , to name but a few, have all been shown to alter activity in gustatory afferents. Clearly, it is rare when one ingests a pure macronutrient or individual 
1999
; Burks et al. 2005) , vasopressin (Gilbertson et al. 1993) , atrial natriuretic peptide and oxytocin (Gilbertson 1998) .
Clearly, the expression of this rich array of receptors would be predicted to alter responses of the peripheral taste system under those physiological conditions that precipitate their release. There is a decided lack of comprehensive studies aimed at elucidating the connection between nutritional (hormonal) status, taste and food/water intake.
BARRIERS TO PROGRESS
The aforementioned issues surrounding peripheral taste research in general apply to the investigations surrounding the gustatory response to water and its involvement in the restoration of salt and water balance in the body. Thus, attempts to determine the importance of the taste system's ability to respond to water or hypoosmotic stimuli (Gilbert- 
RESEARCH GAPS
In terms of attempting to understand the gustatory cue for water, to elucidate its underlying transduction pathway and to determine its role, if any, in the restoration of salt and water balance in the organism, there is significant work to be done. None of these three points have been definitively addressed to date. The ability to answer the remaining questions involving water taste and its importance to the organism has implications beyond the peripheral taste system. In particular, determining the transduction pathway for nutrients like water and the plasticity of this signaling pathway according to nutritional need will greatly expand our understanding of the link between nutritional status and the ability to sense nutrients which, in turn, may lead to compensatory changes in nutrient intake. This link between chemosensation, nutrition and food/water intake is largely unknown at present.
Recommendations for research
Given the discussion above, it is not surprising that several areas should be actively investigated relating to water perception. † A basic understanding of the important transduction elements is required to begin to explore issues related to the role of this pathway in water intake and in the restoration of salt and water balance in the body. Under conditions of water deprivation, for example, one might hypothesize that there are compensatory changes in expression of aquaporins which will alter taste sensitivity and eventually lead to increases in water intake necessary to restore salt and water balance.
Further, investigations of the performance of the peripheral taste system in pathophysiological conditions which alter the salt and water balance should yield additional insights into the relationship between taste and nutritional status.
CONCLUSIONS
One of the important roles of the taste system is in nutrient recognition. This has been clearly actively pursued in research attempting to identify the gustatory pathways underlying the recognition of carbohydrate (sweet), protein (umami), minerals (salty) and, to a lesser extent, fat. Water, which has been known for decades to activate the peripheral gustatory system, has received comparatively little attention. Recent research exploring the effects of nonisotonic solutions in the taste system has begun to fill this void. Further research is necessary, if we are to begin to understand the role that the recognition of water plays in the gustatory system and, in the broader context, in the restoration of salt and water balance in the body.
